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Abstract 
One of the most common wood-laminated materials widely used in the construction industry and in the houses is plywood. 
Having small thickness, plywood possesses a high strength and is easily installed. However, the exploitation of plywood in a wet 
environment leads to a loss of its strength and biological damage. The article presents the technology of vacuum-contact thermo 
modification of a birch veneer with the subsequent production of plywood with an increased water resistance. The laboratory 
equipment for contact thermo modification of wood that allows the even thermo modification of the material is presented. The 
research studying the physical characteristics of the laminated material on the basis of the heat-treated wood were conducted. It is 
established that the high-temperature processing of veneer in a rarefied environment causes a reduction of hygroscopicity, while 
the color, density, mass and cellular structure of the sample are changed. The increased water resistance of plywood on the basis 
of the heat-treated veneers was experimentally confirmed as a result of the studies; meanwhile, the rational processing 
temperature of the wood filler is in the range of 190-210qɋ. Thus, the developed plywood can be used in wet conditions inside, 
which, in contrast to the bakelized plywood, does not violate the sanitary regulations. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
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1. Introduction 
At the present time plywood is a popular construction material used in construction and other spheres. However, 
its physic-mechanical properties, primarily strength and water resistance are not fully satisfy the requirements of 
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consumers. When working with plywood in the environment with variable temperature and humidity conditions, the 
service life of a laminated material without any protective treatment is not long. 
The numerous ways of increasing the physic-mechanical and environmental parameters of plywood, which are 
based mainly on modification or creation of new kinds of adhesive compositions having improved adhesion, water 
resistance and reduced toxicity have been developed in recent years in woodworking [1-3]. However the production 
of waterproof construction plywood with the required strength and environmental characteristics remains to be 
thoroughly resolved. 
At the same time, in the field of wood processing there is a known technology of thermo modification of lumber, 
during which the hemicelluloses are decomposed on reactive smaller molecules, which can significantly reduce the 
hygroscopicity, improve biostability and reduce the value of the warpage in the conditions of variable humidity. As 
is known, all the processes for thermal modification of wood are carried out at temperatures from 160°C to 260°C in 
an oxygen-free environment in special chambers [4-7]. The main difference of the technologies around the world is 
an environment in which the process of thermal wood modification is carried out: water steam, oil, inert environment 
[8-12]. 
In this regard, the researches in the field of technology of thermo modification of wood filler, which allows 
improving the quality characteristics of composite materials are actively conducted in the world. This direction is 
particularly developed in the USA and in Europe [13-17]. 
Paredes [14, 18] studied the effect of extraction in the production of oriented strand Board (OSB). The author 
believes that the pre-treatment of wood improves the dimensional stability of OSB. Paul and others [15, 19] 
considers that the preliminary high temperature treatment leads to reduced electromagnetic compatibility of OSB 
panels. Strength tests of thermally modified fibers that are used for OSB showed the improved fungal resistance 
compared to untreated material. These results are confirmed in the work of Mendes and others [1], where it is noted 
that pre-treatment of wood in OSB production has a noticeable effect on reducing mechanical properties and 
increasing resistance to moisture. 
Research of influence of preliminary heat treatment of wood on MDF showed the reduction of thickness swelling, 
but at temperatures above 150°C the water absorption of the composites increases (Ayrilmis et [20]). (Mohebby et 
[21]) consider, that the wet thermal pretreatment of wood in MDF production has virtually no effect on water 
absorption, improves the dimensional stability but reduces the mechanical properties of the composite. 
In Russia, studies on thermal modification of wood, followed by the fabrication of composites are at the initial 
level. There are the separate developments but they are not brought to an industrial scale [2]. The scientific group 
under the leadership of A. B. Chubova developed a method of increasing the water resistance of plywood. The 
process of producing of plywood is the veneer impregnation with tall oil with the subsequent high temperature 
processing. However, this method of thermo treatment of oil is time- consuming. 
The results of the research show that the processes of thermo modification of wood find popularity in recent 
years, because they allow significantly improving its qualitative characteristics without the use of chemical means of 
protection [7-12].The researches in the field of composite materials based on thermally modified crushed wood are 
also actively conducted [18-20]. Meanwhile the researches aimed at improving of operating characteristics of the 
laminated material by heat-treatment of wood plywood are practically not carried out. 
In this regard, the study of the process of contact thermo modification of veneer with the subsequent 
manufacturing of waterproof plywood should be considered as relevant. 
2. Materials and methods 
To conduct the preliminary studies on thermal modification of wood veneer the laboratory facility was 
developed. When creating a laboratory setup the characteristic features of the processes, manifested in the 
conditions of contact heating, lowering pressure and high-temperature processing of wood-based materials 
under vacuum was taken into account. 
The leaves of birch peeled veneer with the format 100x100 mm, thickness 1,5; 2 mm, moisture 6r2 were 
used during the experiments. This is due to its good quality characteristics and a wide range of applications [2]. 
The thermo modification of veneer was conducted by the contact method in the temperature range of 180-250qɋ 
at pressures of vacuum of 20 kPa. For bonding of veneer sheets to obtain the samples of plywood hot-curing 
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adhesive based on urea-formaldehyde resin of brand KFMT-15 was used. It has a number of advantages – a high 
curing rate, low cost adhesives, high strength adhesive joint, low odor and colorless of glue [2, 3]. 
The scheme and the appearance of the laboratory installation for vacuum-conductive thermo modification of 
wood material are presented in Fig.1. 
 
Fig. 1. Scheme (a) and external view (b) installation of vacuum-conductive thermo modification of veneer. 
Laboratory unit consists of an insulated sealed chamber 1 with a cover 2. The chamber 1 communicates with the 
vacuum line through the valve 3, including the pump 4 and the capacitor 5 with the condensate collector 6. For 
supplying of thermal energy to the material 7 the heating plate 8 is used. For the purpose of conducting a 
conditioning treatment of veneer 7 the installation is supplemented by the steam generator 9. 
The metal plates of special design 8 which consist of two perforated metal plates installed between the electric 
heating cables were used as the heating elements in a laboratory setting (Fig. 2). Perforation of metal plates 
facilitates the extraction of moisture and degradation products of wood evaporating from the material surface. 
 
Fig. 2. Scheme (a) and external view (b) heating element. 
Laboratory installation works as follows. Before the beginning of the process of treatment of veneer, the material 
is prepared in advance; the samples are cut into a certain size, weighed on an electric balance and placed on heat-
supply surface 8 of the chamber 1. Then the lid 2 is closed, which contributes to the tight fit of the veneer plates 9 
and 10 and there is a heating of the material. At the same time the valve 3 is opened, the refrigerant is supplied to the 
condenser 5, the vacuum pump 4 is switched on and a vacuum is created in the chamber 1. If the treated sample has 
high humidity, then carry out the drying process. Then the process of thermo modification of the dried sample 
begins. 
After the heat treatment, the wood samples can be divided into two parts: one part of the samples is subjected to a 
comprehensive analysis and the other is used for the manufacture of laminated materials with the purpose of further 
explore of their properties. 
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To study the variations in the hygroscopicity of veneer due to high temperature treatment in a rarefied 
environment, the samples are weighed and kept in a saturated steam for 30 days. 
To determine the water absorption the samples of plywood were immersed in a container of water. The water 
temperature was maintained at a level (20r2)qɋ. After 24 hours the samples were removed from the water, their 
surfaces were drained and the change in mass was measured. 
3. Results and discussion 
As a result of thermo modification of veneer it was found that with increasing of temperature of processing the 
color of the material is changed. The color change of the sample during thermo modification of veneer happens due 
to the fact that at the same time there is a decomposition of the cellulose, and the resulting volatile products come in 
a variety of secondary reactions. Therefore this process can be seen as a chemical transformation in which some 
substances change into another, different from the original in its composition and properties. 
Fig. 3 presents the results of a study on the kinetics of the mass loss of veneer at different temperatures and 
thicknesses of the samples. 
 
Fig. 3. The relative mass of material, depending on the temperature of modification: thickness of 2 mm (a); 1.5 mm (b). 
The analysis of the results shows that the mass of the material decreases more intensively at higher temperatures. 
As can be seen from the graphs the thickness of veneer directly affects the duration of treatment, the significant 
changes of the mass of wood (10% decrease) are observed in the first 10-15 min of the process due to intensive 
removal of extractives and residues of bound water. 
The relatively low water resistance of plywood used in interior spaces is due to the hygroscopicity of wood filler 
and, as a consequence, the development of significant volumetric and humidity deformations, leading to 
delamination of the veneer sheets in the plywood. Accordingly, the change in the hygroscopicity of veneer as a 
result of thermal influence of the vacuum-contact method has been studied. 
Fig. 4 shows the dependence of the relative change of mass of thermally modified veneer samples and the control 
ones in the process of aging in a humid environment. 
The analysis of graphs shows that heat treatment of wood causes a decrease in the hygroscopicity of the material 
is due to the narrowing of the pores as a result of thermal shrinkage and blockage of the products of decomposition 
of wood raw material. 
After the high-temperature processing of veneer in a rarefied environment the manufacture of plywood is carried 
out. Apply glue in the process of creating of plywood to plane of veneer is applied by the contact method. Then 
there is the pre-pressing of glued veneer to obtain the formed bag in which the plywood sheets are clumped 
together. A hot pressing of veneer packs, where the temperature ranged between 100-125qɋ is applied. Then the 
finished sheets of plywood are cropped. The created plywood samples are subjected to a comprehensive study of its 
properties. 
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Fig. 4. Comparative kinetics of the mass of thermally modified veneer samples while exposure in a wet environment. 
The results of the kinetics of moisture for the three-layer plywood, created on the basis of veneer with different 
heat treatment temperature, during exposure to water are shown in Fig. 5. 
 
 
Fig. 5. Kinetics of moisture content of plywood created from veneers of different degree of heat treatment. 
According to the presented results we can establish that the plywood considerably improve water-repellent 
properties due to temperature increase in the processing of wood raw materials. 
4. Conclusions 
The researches on high temperature treatment of wood filler in a tenuous environment with the subsequent 
creation of water-resistant laminated materials were conducted in this paper. Laboratory installations allowing us to 
thermo modify the wood raw material evenly was developed. On the basis of conducted researches it was 
determined that the water repellency of the plywood is significantly increased in two cases: 1) if plywood is created 
from veneer with high temperature of thermo modification above 190qɋ; 2) if the plywood is thick. 
The development of new technology for production of new products based on thermally modified wood can 
provide maximum utilization of wood resources and the creation of new markets of high-quality products with high 
added value. 
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